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Cosmic acceleration



Explaining cosmic acceleration

Dark Energy: fluid with equation of state w 

• w = -1 i.e. a cosmological constant ⋀
• w is constant
• w depends on time: w(a) = w0 + (1-a)wa

Modified Gravity: modification to General Relativity

• Modify GR action
• Phenomenology of modified gravity: parametrize potentials probed by observations
• Effective Field Theory of dark energy 

Gµ⌫ = 8⇡Tµ⌫ � ⇤gµ⌫
<latexit sha1_base64="di7DyFbS1rX2Z6F3yS82FnHdxng=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaGbiLMPSgBw8T9gZrKWmabmFpWpJUGGVfxItfxYsHRTx4Eb+N2VZwbv4h8Of3PE+S5+8njEplWd9GYWV1bX2juFna2t7Z3TP3D9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YfXk3rngQhJY95Uo4S4EepzGlKMlEaeWb3xMidKocPTMbyENSehsDmHzqBzp28LEOz/Us8sWxVrKrhs7NyUQa6GZ346QYzTiHCFGZKyZ1uJcjMkFMWMjEtOKkmC8BD1SU9bjiIi3Wy63RieaBLAMBb6cAWndH4iQ5GUo8jXnRFSA7lYm8D/ar1UhTU3ozxJFeF49lCYMqhiOIkKBlQQrNhIG4QF1X+FeIAEwkoHWtIh2IsrL5v2ecW2KvZ9tVy/yuMogiNwDE6BDS5AHdyCBmgBDB7BM3gFb8aT8WK8Gx+z1oKRzxyCPzK+fgA5rqDF</latexit><latexit sha1_base64="di7DyFbS1rX2Z6F3yS82FnHdxng=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaGbiLMPSgBw8T9gZrKWmabmFpWpJUGGVfxItfxYsHRTx4Eb+N2VZwbv4h8Of3PE+S5+8njEplWd9GYWV1bX2juFna2t7Z3TP3D9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YfXk3rngQhJY95Uo4S4EepzGlKMlEaeWb3xMidKocPTMbyENSehsDmHzqBzp28LEOz/Us8sWxVrKrhs7NyUQa6GZ346QYzTiHCFGZKyZ1uJcjMkFMWMjEtOKkmC8BD1SU9bjiIi3Wy63RieaBLAMBb6cAWndH4iQ5GUo8jXnRFSA7lYm8D/ar1UhTU3ozxJFeF49lCYMqhiOIkKBlQQrNhIG4QF1X+FeIAEwkoHWtIh2IsrL5v2ecW2KvZ9tVy/yuMogiNwDE6BDS5AHdyCBmgBDB7BM3gFb8aT8WK8Gx+z1oKRzxyCPzK+fgA5rqDF</latexit><latexit sha1_base64="di7DyFbS1rX2Z6F3yS82FnHdxng=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaGbiLMPSgBw8T9gZrKWmabmFpWpJUGGVfxItfxYsHRTx4Eb+N2VZwbv4h8Of3PE+S5+8njEplWd9GYWV1bX2juFna2t7Z3TP3D9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YfXk3rngQhJY95Uo4S4EepzGlKMlEaeWb3xMidKocPTMbyENSehsDmHzqBzp28LEOz/Us8sWxVrKrhs7NyUQa6GZ346QYzTiHCFGZKyZ1uJcjMkFMWMjEtOKkmC8BD1SU9bjiIi3Wy63RieaBLAMBb6cAWndH4iQ5GUo8jXnRFSA7lYm8D/ar1UhTU3ozxJFeF49lCYMqhiOIkKBlQQrNhIG4QF1X+FeIAEwkoHWtIh2IsrL5v2ecW2KvZ9tVy/yuMogiNwDE6BDS5AHdyCBmgBDB7BM3gFb8aT8WK8Gx+z1oKRzxyCPzK+fgA5rqDF</latexit><latexit sha1_base64="di7DyFbS1rX2Z6F3yS82FnHdxng=">AAACHXicbZBNS8MwGMfT+TbnW9Wjl+AQvDhaGbiLMPSgBw8T9gZrKWmabmFpWpJUGGVfxItfxYsHRTx4Eb+N2VZwbv4h8Of3PE+S5+8njEplWd9GYWV1bX2juFna2t7Z3TP3D9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YfXk3rngQhJY95Uo4S4EepzGlKMlEaeWb3xMidKocPTMbyENSehsDmHzqBzp28LEOz/Us8sWxVrKrhs7NyUQa6GZ346QYzTiHCFGZKyZ1uJcjMkFMWMjEtOKkmC8BD1SU9bjiIi3Wy63RieaBLAMBb6cAWndH4iQ5GUo8jXnRFSA7lYm8D/ar1UhTU3ozxJFeF49lCYMqhiOIkKBlQQrNhIG4QF1X+FeIAEwkoHWtIh2IsrL5v2ecW2KvZ9tVy/yuMogiNwDE6BDS5AHdyCBmgBDB7BM3gFb8aT8WK8Gx+z1oKRzxyCPzK+fgA5rqDF</latexit>



Growth of structureEvolution of the expansion

Probing cosmic acceleration
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Weak lensing to probe cosmic acceleration
From galaxy surveys to cosmology





Unlensed Lensed

Weak gravitational lensing

Deformation of images of galaxies by large-scale structures in the universe
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The Dark Energy Survey

• DECam at the Blanco-4m telescope (CTIO)
• 6 years survey: 2013-2019
• 5 optical filters
• ~400 scientists

From T. Abbott and NOAO/AURA/NSF 



From Drlica-Wagner et al
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 DES collaboration, PRD, 2018

Dark energy with DES 1st year of observation data
DES collaboration, Phys. Rev. D 98, 043526 (2018)



From
 DES collaboration, PRD, 2018

DES Y1 and ⋀CDM model
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Planck + BAO + JLA
DES Y1
DES Y1 + Planck+BAO+JLA
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From
 DES collaboration, PRD, 2018

DES Y1 and wCDM model



In the future: example of 10 years of LSST and combining observables

From
 LSST DESC Science Requirem

ent Docum
ent



Testing gravity on cosmological scales
Results with weak lensing



k2 = �4⇡Ga2(1 + µ(a, k))⇢�

k2( + �) = �8⇡Ga2(1 + ⌃(a, k))⇢�
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Time evolution as dark energy: 

Phenomenological tests of gravity with cosmic shear
Ferté, Kirk, Liddle, Zuntz, Phys. Rev. D 99, 083512 (2019)

From Ferté et al, PRD, 2019



From
 Ferté

et al, PRD, 2019

Impact of systematics



From Ferté et al, PRD, 2019

Testing gravity with CMB temperature and polarization



From Ferté et al, Phys. Rev. D 99, 083512 2019

Testing gravity with redshift space distortion



From
 Ferté

et al, PRD, 2019

Testing gravity combining observables



From
 Ferté

et al, PRD, 2019

Forecasts for LSST
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Testing gravity with DES 1st year of observation data
DES collaboration, accepted for publication to PRD, 2018
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Other extensions to LCDM model: a dynamical dark energy
DES collaboration, accepted for publication to PRD, 2018



Dark Energy Survey 3 years of observation: work in progress

Extensions to ⋀CDM model: 

• Models and data sets to use
• Validation tests
• Analysis choices
• Actual analysis on the real DES Y3 data

DES Y1
DES Y3

DES Y3

Planck



High precision weak lensing measurements
New instrumental challenges



Effects to understand in new 
detector (CMOS) e.g.:

• Image persistent 

• Non linearities

Understanding detector effects: beyond first order effect



From Shapiro et al., 2017

Precision Projector Laboratory: emulating astronomical observations in the lab

Emulate stars
on the detector

e.g. for weak lensing:



Cross hatch Brighter-fatter effect

Some effects studied at PPL

PPL “stars” (Euclid H2RG)

From
 Plazas et al, 2017

From
 Shapiro et al., 2017



Centroid measured with different settings of the testbed elements: 

Characterizing the image motion





• Detectors effects
• Precise calibration 
• Impact on cosmological observables 

• Systematics
• Blending
• Intrinsic alignment

• Modeling of the observables
• Evolution of the universe on small scales (in different models)
• Speed and accuracy of numerical computations

• Cosmological analysis
• cosmological parameter estimation 

• tension metrics
• blinding

Challenges for ongoing and forthcoming surveys



Towards high precision measurements
• Weak lensing to constrain modified gravity: 
• beware of intrinsic alignment; 
• promising constraints from future surveys.

• PPL to characterize detector effects

Dark Energy Survey Year 1:
• Main constraining power on extensions to ⋀CDM model: modified gravity.

• No evidence for deviations to ⋀CDM but tensions to investigate.

• Preparing for DES Year 3: more data, more combination of observables, more models!

Take away: weak lensing to probe cosmic acceleration



Some challenges for ongoing and forthcoming surveys in memes





Back up slides









Systematics modeled with nuisance parameters. 

e.g. intrinsic alignment = 

PIA(k, z) / AIAP (k, z)/D(z)
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